Oscillation criteria for PDE with p-Laplacian div(A(x) Du p−2 Du) + p(x)|u| p−2 u = 0 are obtained via Riccati inequality. Some of them are extensions of the results for the second-order linear ODE to this equation.
Introduction
In this paper, we are interested in obtaining oscillation criteria for the solutions of the second-order partial differential equation ( Throughout this paper we will assume that (A 1 ) p ∈ C μ loc (Ω(1)), 0 < μ < 1, and p > 1 constant, (A 2 ) A = (A i j (x)) N×N is a real symmetric positive define matrix function with A i j ∈ C 1+μ loc (Ω(1)), i, j = 1,...,N, and 0 < μ < 1. Denote by λ min (x) the smallest eigenvalue of A. We suppose that there is a function In the qualitative theory of nonlinear partial differential equation, one of the important problems is to determine whether or not solutions of the equation under consideration are oscillatory. For the quasilinear elliptic equation
Recently, taking advantage of the oscillation analysis of the second-order linear ordinary differential equation (see, [3, 5, 6] )
Usami [4] , Xu and Xing [7] have established some oscillation criteria for (1.4). In this paper, we will continue in this direction and study the oscillatory properties of the general equation (1.1). By using the generalized Riccati inequality established in Section 2 (Lemma 2.1), we try to extend the results in [2, 5] to (1.1), which include and improve the results of Usami [4] . We are especially interested in the case where p(x) has a variable sign on Ω(1).
Preliminaries
In the sequel, we say that a function 
To formulate our results, we will the following notations. For a given function ϕ ∈ C(R + ,R + ), we define
where S r = {x ∈ R N : x = r}, dσ denotes the spherical integral element in R N , and ω represents the surface measure of unit sphere.
In what follows, we will prove three lemmas, which will be useful for establishing oscillation criteria for (1. 
satisfies the generalized Riccati inequality
6)
where
7)
and ν(x) = x/ x , x = 0, denotes the outward unit normal.
Proof. Without loss of generality, we may assume that u = u(x) > 0 for x ≥ a ≥ 1. In view of (1.1), a directly computation yields that 
(2.11) By Hölder's inequality
and by Young's inequality
Thus, inequality (2.6) follows from (2.11)-(2.13). The proof is complete.
c] by (2.5). Then, for any H ∈ Ᏼ and
Proof. By Lemma 2.1, we have that, for s ∈ (a,c],
Applying the operator X ρ r (a ≤ r ≤ c) to (2.15), using (2.1) and (2.2), we find According to Young's inequality 
Letting r → a + in the above, we obtain (2.14). The proof is complete.
Similarly as in the proof Lemma 2.2, we have the following lemma.
Main results
The first theorem presents an oscillation criterion for (1.1) which is an analogue of Wintner's criterion [5] for (1.5).
Proof. Let u = u(x) be a nonoscillatory solution of (1.1). Without loss of generality let us consider that u = u(x) > 0 for x ≥ l for some sufficient large l > 1. Let Z(r) be well defined on [l,∞) by (2.5), from Lemma 2.1, we have that where C 1 is a constant. Hölder's inequality gives 
